We study the Bagger-Lambert-Gustavsson model on M 1,1 × S 1 . In the low energy limit we obtain a new two dimensional effective field theory with a Lie 3-algebra structure. By compactification, the three dimensional Chern-Simons potential generates two dynamical fields: an SO(1, 1) scalar and a vector field, respectively, which are valued in the set of the endomorphisms of the Lie 3-algebra. In the strong coupling and R → 0 compactification limits, the theory reduces to a supersymmetric Lie 3-valued generalization of the Green-Schwarz superstring in the light-cone gauge. *
Introduction
in two dimensions which has the Lie 3-algebra structure. By taking the IR limit in two dimensions and the compactification limit R → 0, one obtains a theory in which the massless fields X I and Ψ A decouple from A µ and Φ. In general, the terms containing A α and Φ break the conformal invariance. If this is restored, these terms vanish leaving behind a supersymmetric two dimensional field theory for X I and Ψ A which represents a simple generalization of the Green-Schwarz superstring in the light-cone gauge to a Lie 3-algebra valued superstring. This interpretation holds if M 1,1 ×S 1 is embedded in to M 1,9 ×S 1 with the compactified direction of spacetime indentified with the compactified direction of the world-volume of the M2-branes. If a transversal direction of the spacetime is compactified instead, the SO(8) symmetry is broken to U(1) × SO(7) structure. This paper is organized as follows. In Section 2, we are going to review the results from the BLG-theory. The two dimensional effective action is obtained in Section 3. The last section is devoted to discussions.
BLG-theory
In this section we are going to review the BLG-theory following [2, 3, 4, 5] . The model describes an effective field theory living on the world-volume of a stack of M2-branes and it is formulated in terms of a set of an Euclidean Lie 3-algebra valued massless fields
Here, the indices of the bosonic fields I = 1, 2, . . . , 8 and µ = 0, 1, 2 refer to the vectorial representations of the transversal and logitudinal groups SO(8) and SO(1, 2), respectively. The field Ψ(x) is a d = 11 Majorana spinor subjected to the SO(8)
where A, B are spinor indices of eleven-dimensional Majorana spinor. If {T a } a=1,2,...N , denotes the (linear space) basis of the underlying N-dimensional Lie 3-algebra A, the fields have the following decomposition
where t ab = T a , T b , · is defined in terms of the triple product [·, ·, ·] : A×A×A → A. (Our conventions for the Lie 3-algebra are the ones from [3] .) If the dimension of the elements of A is neglected, the number of the bosonic degrees of freedom exceeds the number of the fermionic degrees of freedom by one. Therefore, in order to produce a supersymmetric theory, the Lagrangian should contain a topological term for A µ . The supersymmetric action propsed in [2, 3] has the following form
The covariant derivatives are defined by the following relations
The action (3) has the SO(8) R-symmetry that acts on X I . Also, it is invariant under the on-shell supersymmetry transformations
where the spinorial parameter ǫ has opposite chirality from Ψ for the unbroken supersymmetry, i. e. Γ 012 ǫ = ǫ. The equations of motion derived from (3) are
where the gauge field is defined as
In order that the equations of motion be compatible with the gauge and supersymmetry transformations, the structure constants of A must satisfy the fundamental identity (see [3, 5] ). The unitarity of the theory could be guaranteed, in principle, if the trace form metric of A is positive definite. There is just one no-trivial Lie 3-algebra A that satisfies these restrictions, namely A 4 [11, 25, 26] . The uniqueness of the algebraic structure of the effective field theory has been a strong motivation for generalizing the theory given in the relation (3) to algebras without a positive definite metric and to new Lie 3-algebras [14, 28, 29, 20, 21, 22] .
In this section we are going to derive the two dimensional effective field theory obtained from the compactification of the BLG-model on
. We denote by y the compactified direction x 2 = y = Rθ where θ ∈ [0, 2π]. The fields are required to be periodic with respect to the direction y
where L = 2πR. As usual, the fields can be Fourier expanded in terms of the eigenfunctions Y n (y) of the operator y that satisfy the ortho-normalization relation
where m, n ∈ Z. From the reality of X 
where α = 0, 1 is the two dimensional worldsheet index. The compactification of X
Here, i, j = 0, 1 are two dimensional tangent space indices. Then the spinor action takes the form i 2g
The compactification modes have the following masses
In order to obtain the effective field theory in the limit R → 0, one should truncate the Fourier expansion to the massless modes. After some lenghty but straightforward computations, one can derive the following action
Here, g = g BLG R − 1 2 is the two dimensional coupling constant. We have denoted by X I a , A αab and Ψ a the zero modes of the corresponding three dimensional fields, and by Φ ab the zero mode of A 2ab .
The action (21) describes a new two dimensional effective field theory. Its massless dynamical field content is given by X I and Ψ in the vector and spinor representations of SO (8), respectively, and the fields A α and Φ, which are in the SO(1, 1) vector and scalar representations, respectively. The theory displays explicitely the original Lie 3-algebra structure represented by the presence of the constants f 
where
d andˆdenotes a missing term. The spinorial equations of motion have the following form
By varying the action (21) with respect to A αab we obtain the following equation
Finally, the variation of the action with respect to Φ ab leads to the following equation
The fields A µab are the components of a three dimensional topological vector field. However, from the equations (25) and (26) we see that A αab and Φ ab become dynamical fields in two dimensions.
Discussions
The theory obtained in the previous section represents a new type of two dimensional field theory with fields valued in the Lie 3-algebra A, obtained by taking the low energy limit of the compactification of the BLG-model. The theory has formally the same action in the case of positive as well as of the non-positive definite metric on A.
One important property of this theory can be noted by compactifying a spacetime direction along the worldvolume of the M2-branes. Since the fields X I has only transversal components, it will stay in 8 v . If the two dimensional fields are supposed to be univalued, the relations (14)- (16) continue to hold. The IR limit of the two dimensional effective field theory with gR 1/2 → ∞ and the compactification limit R → 0 can be taken simultaneously for strong interacting BLG-model as well as for g BLG = constant. By imposing in this case the conformal invariance, one can easily see that (21) takes the familiar form
Since the M2-M5 system is the strong coupling, D = 11 description of the F1-D4 intersection from Type IIA theory, one is tempted to interpret the equation (27) as a generalization of the GS superstring action in D = 10 light-cone gauge. The equation (27) would correspond actually to N Lie 3-algebra valued superstrings. If instead of compactifying the spacetime along the longitudinal direction to the worldvolume one compactifies along a transversal one, e. g. X a , where ρ is the spacetime compactification radius, k ∈ Z and ξ 8 a is a constant Lie 3-algebra value vector, the symmetry of the bosonic fields breaks to U(1) × SO(7).
